The manual gestures that accompany speaking have been analysed in terms of their form, their meaning, their role in the communicative act, and their timing with respect to the speech they accompany. Several schemes for categorizing these cospeech movements have been proposed, e.g. McNeill's (1992) iconic, metaphoric, deictic and beat gestures, and Kendon's (1994) distinction between substantive and pragmatic gestures. Among McNeill's gesture categories, beats are described as non-referential: simple flicks of the hand or finger, often performed repetitively and in rhythm, and lacking the complex phasing structure of other gesture types. For referential gestures, this complex phasing can include (in addition to the core stroke phase) preparation, pre-or post-stroke hold and recovery (Kendon 1980) . Studies of adult speech show that many gestures are timed to overlap with phrase-level prosodic accents (Loehr 2004, Yasinnik et al. 2004); in at least one corpus of academic-lecture speech (Shattuck-Hufnagel et al. in prep.) these gestures are largely non-referential, like beats. We present evidence that this type of non-referential gesture can also have complex phasal structure in adults, and that children as young as 6 have such gestures in their repertoire, although less skillfully produced. Potential relations between prosody and gesture are discussed.
Introduction
Many spoken utterances are accompanied by gestures that illustrate some aspect of the topic being spoken of; these gestures have been called referential (McNeill 1992) , imagistic (i.e. illustrating as aspect of the message in visual terms, Kita 2001) and substantive (i.e. expressing utterance content, Kendon 1995) .
Such gestures, which include McNeill's (1992) iconic, metaphoric and deictic categories, illustrate in visual terms some aspect of the meaning of the message to be communicated. These meaning relationships include i) the description of an object expressed by a noun (e.g. a circling movement of an index finger extended downwards, in conjunction with the word 'cake'), and ii) the description of an action expressed by a verb (e.g. illustrating the act of mixing by a motion of the two hands), as well as iii) pointing to an object or location in space, and iv) a more abstract aspect, such as a framing gesture of the two hands when introducing a topic. In contrast to iconic, metaphoric and deictic gestures, which are referential, McNeill (1992) defines beats as non-referential, non-imagistic, i.e. without direct visual imagery relating to the spoken utterance, and suggests that they relate to the speech they accompany in other, possibly multiple, different ways. For example, he suggests that a beat may be a single simple flicking motion of the hand or finger, but also that beats, repeated in relatively rapid succession, often mark out the rhythm of the speech, keeping time much like a conductor marking the rhythm of a musical performance. This meaning is also reflected in Loehr's (2012) definition of beats as 'short rhythmic gestures used for emphasis' (p. 77). McNeill (1992) also raises the possibility that a beat may serve as a discourse marker, marking e.g. the introduction of a new character, summarizing the action, introducing new themes, etc. (p. 15). Thus, beats have been associated with focus marking, rhythmic marking, and discourse structure marking. These multiple characteristics and functions assigned to gestural beats make it somewhat difficult to define this set of speech-accompanying gestures, a difficulty which may reflect a tendency to put all gestures which are not recognizably illustrative visually (i.e. are not metaphoric, iconic or deictic) into a single non-referential category. This issue is particularly clearly illustrated by an observation that emerged from an ongoing study of gestures produced by skilled academic lecturers (Shattuck-Hufnagel et al. 2007) .
Originally envisioned as a test of the hypothesis that gestures tend to cooccur with syllables that carry phrase-level prosodic prominences (pitch accents), this analysis revealed that by far the majority of the gestures produced by speakers in this context were non-referential. That is, they were not in any obvious way providing visual information about an object or an action, yet many of them seemed to have some of the additional gesture phases described as optional accompaniments to the strokes of referential gestures, i.e. preparation movements, pre-or pos-stroke holds, and recovery movements. This informal observation raised the question of whether non-referential gestures can be produced with complex phase structure, like that proposed by Kendon (1980) , adopted by McNeill (2001, inter alia) and used by Loehr (2012) and others in their analyses of gesture form, structure and function. This paper describes some quantitative aspects of the phase structure of these apparently beat-like (i.e. nonrepresentational) gestures, and reports the occurrence of similar gestures in a small pilot experiment involving 6-yearold children. Such findings raise interesting questions about the relationship between prosody and gesture, including the possibility that these two signalling systems share certain functions (e.g. marking the grouping of spoken elements, singling out a particular element for prominence, signalling the Speech Prosody 2016 31 May -3 Jun 2106, Boston, USA discourse function of an element), while differing in other ways. Thus in a sense they may serve as 'prosodic gestures'.
Evidence for adult use of non-referential gestures with phasal structure
As part of a larger study it was informally observed that many of the largely non-referential gestures produced by the speakers had additional phases accompanying their core stroke phase. To quantify this observation, a full phase analysis was carried out on the gestures included in this corpus.
Method

The Corpus. The sample of video recordings was
drawn from commercially-available academic lectures. The advantages of these recordings include the visibility of the upper torso and arms of the speaker for most of the lecture (see Figure 1) , and the extensive use of gesture by the speakers; one disadvantage is the interruption of the visual recording of the speaker by illustrative slides. While not a disadvantage for the present study, it may hamper any future study of the relationship of the gesture to discourse structure, since for some regions gestural analysis will not be possible.
Figure 1: Videos provide face-on views of the complete upper torso, including the hands, during most of the lecture.
The current sample includes videos of varying durations from 6 speakers, with 1988 stroke-defined gestures occurring in 46.5 minutes of speech. Non-gesticulatory movements were not included in the analysis (e.g. self-grooming movements, actions such as turning a page of notes or grasping the lectern, and small 'drifting' excursions that do not give the perceptual impression of intentional gesticulation). Table 1 
Labelling and Analysis
Stroke-defined gestures for all samples were labelled by one of the authors (AR) using ELAN to display the video (without listening to the sound) and record the labels. Optional phases accompanying each stroke, i.e. preparation, pre-or post-stroke hold and recovery, were labelled by trained labellers without listening to the sound. The separated sound file was used to label prosodic prominences and phrasing, carried out by the first author using Praat (Boersma and Weenink, 2014) . Word/syllable alignments were estimated by a trained transcriber, also using Praat. Automatic computation of the overlap between strokes and accented syllables resulted in displays such as those in Figure 2 . (a)
In earlier work, Shattuck-Hufnagel et al. 2007 ) reported that in these lectures (as in other studies) gesture stroke end points are significantly likely to align with pitch accented syllables.
Results. A typical gesture in this corpus was non-
referential, yet was realized with one or more of the optional phases (preparation, hold or recovery), illustrated in Figure 3 . Quantitative results for the complex phasing of the strokedefined gestures for the six speakers in this study are shown in Table 2 , and a graphic illustration of the phasing is shown in Figure 4 (for the 2.5 minute sample in Figure 2 ). While the proportion of strokes with additional phases varies from speaker to speaker, it is clear that these non-representational gestures are often accompanied by one or more of the optional phases that have been described for representational gestures. 
Discussion
The type of gesture observed in these academic lectures differs from the category of beats as described in the literature, in being non-referential but also having a stroke phase that is often accompanied by one or more of the optional phases of preparation, hold or recovery. While these movements are not overtly descriptive of the shape of an object referred to by a noun or the action referred to by a verb, as shown by the additional examples in Figure 5 , they may well convey a more abstract meaning related to the structure of the discourse. This possibility has been suggested by a number of investigators, based on a small number of closely observed tokens. Investigation of the degree to which these non-representational gestures reflect such higher-level phenomena will require additional labelling of the discourse structure of these lectures.
Figure 5: (a) and (b) show two non-representational gestures, produced in quick succession, with the defining stroke phase accompanied by one or more additional phases; (c) illustrates a complex bimanual gesture by tracings of the location of the tip of the index finger of each hand, and (d) shows a simple uni-manual up-down movement (using the same method). (a) (b) (c) (d)
Non-referential gestures in children
Children as young as 2 years exhibit perceptual and production sensitivity to the prosodic structure of the ambient language they are learning (Demuth 1996) . However, their use of various types of prosodic structure continues to develop until they reach adolescence (Wells et al. 2004 ). In the gestural domain, we have been interested to determine if and how 'prosodic' use of gesture may develop. However, as suggested above, it is not always clear from the previous literature what terminology has been used to refer to this type of co-speech gesture.
McNeill (1992) has suggested that 'beats', including finger flicks, are both abstract and discourse-referring. In comparing the multi-modal narrative abilities of five-and ten-year-old Italian, American and French children, Colletta et al. (2014) showed that beats occur less frequently in the narratives of young children than those of older children. However, it is not clear exactly what is meant by beats, and if any might be structured in the same way as seen in adults (cf. ShattuckHufnagel et. al., 2012).
We therefore wanted to investigate whether 6-year-old children might use gestures that are characterised as an intentional movement that does not directly reflect contextual meaning, with a well-defined stroke phase.
Method.
Considering the previous literature, we hypothesized that children as young as 6 might employ this 'prosodic' use of gesture. Participants were Australian English-speaking children with no prior history of communication disorders. Nine children (5 boys, 4 girls) aged between 5;3 -7;5 years (Mean 6;3 years) were included in the analysis. The children completed two tasks: a story narration after viewing a two minute movie clip, and an explanation task where the child planned a 'fantasy' family trip. Both tasks were carried out while interacting with their mothers, with the mother mostly playing the role of a facilitator. Both were also designed to avoid any specific need for deictic and/or referential use of gesture. The samples were coded for both speech (e.g., words, and number of turns) and gestures (non prosodic (iconic, metaphoric, deictic) vs. prosodic) in Praat (Boersma and Weenink, 2014) and ELAN respectively, by the third and fourth authors.
Results.
The results showed that these 6-year-olds produced both referential and non-referential gestures, with the latter constituting 26% of all the gestures used. Forty-two percent of the non-referential gestures overlapped with a pitch accent, suggesting that this type of gesture is often used for emphasis and/or contrastive focus. However, a few were also observed during pauses, suggesting that this type of gesture is not always accompanied by speech. Phases of a non-referential gesture from one of the children are exemplified in Fig. 6 .
A chi-square analysis was performed to determine whether use of gesture types varied as a function of discourse type (narrative vs. explanation). It did: χ 2 (1, N = 258) = 6.653, p = .01), with more use of referential gestures in the explanation task and more use of non-referential gestures in the narration task.
Discussion.
These results suggest that 6-year-old Englishspeaking children, at least in Austrialia, use non-referential gestures with a well-defined stroke phase and additional phases, and that the use of these non-referential gestures can vary as a function of the discourse task. Furthermore, occurrence of these gestures was not restricted to the presence of pitch accent or even of speech, suggesting the possibility that these gestures might perform additional discourse functions not found in the adult lecturers, an interesting area for further research. Although these 6-year-olds were involved in a task very different from that of the adult lectures, and were not experts in the same way, they were still using gesture in a 'prosodic' fashion to communicate their intent to their respective audience. 
General Discussion and Conclusions
The definition of the type of speech-accompanying gesture termed a beat in the literature includes at least two types of events: single up-down or in-out 'flicks' of the hand or other articulator that indicate emphasis (or mark a particular aspect of discourse structure), and repeated productions of the same gesture in time with the rhythm of a spoken utterance. It is suggested that the complex phasing observed for representational gestures does not occur for beats. The present studies suggest the existence of a class of gestures which are not obviously representational, and therefore are candidates for designation as beats, yet often exhibit the kinds of complex phasing seen in representational gestures, particularly preparation phases. This result provides in initial step toward determining the forms and functions of non-representational gestures that co-occur with speech. The fact that so many of the gestures in these speech samples are non-representational is a bit surprising; it appears that different genres of speech can elicit different distributions of gesture types. Much gesture research has focussed on speech tasks with a substantial spatial component (e.g. the description of an apartment layout, or of the action of a cartoon), which may be particularly conducive to visually-illustrative gestures (Beatty & Shovelton 1999).
While the function of the type of gesture observed in these two studies is not yet clear, several authors have described a discourse-structure-signalling role for many types of speechaccompanying gestures, such as e.g. McNeill's (1992) cohesives, Kendon's (1980) 2001) note that 'motion, prosody and discourse structure are integrated at each moment of speaking' (p.9), and Kendon (1980) suggests that gesture and speech emerge as part of the same utterance plan. In a different cognitive framework, Keating & ShattuckHufnagel (2002) propose a prosodic planning structure for spoken utterances, while Turk & Shattuck-Hufnagel (2013) propose a phonetic planning module in which prosodic structure influences the surface phonetic word forms. The degree to which a prosodic planning frame governs the timing and form of both gesture and speech is a topic for future research.
